ABSTRACT Conservation paleobiology aims to apply data from geohistorical records, such as fossils and their associated sediments, to the conservation of biodiversity and ecosystem services. Integrating geohistorical data into conservation/restoration practice, however, has proved difficult. To better understand how geohistorical data can be more effectively integrated into the conservation/restoration of an ecologically, economically, and culturally important group-oysters-a web-based survey was conducted to assess the awareness and understanding of geohistorical data and perspectives on their use in restoration among oyster researchers and restoration practitioners in the United States. The 97 survey responses not only demonstrate overall willingness to use geohistorical data in oyster restoration but also highlight knowledge gaps. For instance, although many respondents understood some uses for geohistorical data, e.g., providing baseline information, few respondents mentioned others, such as reconstructing historical ranges of variation of ecosystem attributes. Respondents were also generally not aware of the full range of restoration metrics that can be measured from geohistorical records. The responses further suggested how geohistorical information might both reinforce and expand the information currently available to oyster restoration professionals. For instance, only half of respondents indicated that their baseline information predates the 20 th century, but geohistorical records of oysters can provide data on timescales ranging from decades to millennia. Finally, it is argued that to raise awareness of this underutilized information and address respondentsÕ doubts about the completeness, precision/accuracy, and relevance of geohistorical data in a rapidly changing, human-dominated world, increased collaboration between conservation paleobiologists and conservation/restoration scientists is needed.
INTRODUCTION
Conservation paleobiology is a rapidly expanding field (Dietl & Flessa 2011 , CPW 2012 ) that aims to provide conservation scientists and restoration practitioners with information on species, communities, and ecosystems from geohistorical records-''the organic remains, biogeochemical signals, and associated sediments of the geological record'' (NRC 2005, p. 11) . These records are the only source of data on what happens to living organisms under environmental conditions the Earth is not experiencing today (Dietl & Flessa 2011 , Dietl et al. 2015 . This information is useful for reconstructing biotic responses to many kinds of disturbance in the past, such as climate change, that can serve as ''natural experiments'' to improve both understanding of species, community, or ecosystem dynamics and predictions of future responses to similar disturbances (Willis et al. 2010 , see Dietl et al. 2015 for other valuable uses).
Despite their promise, however, the application of geohistorical data in many conservation and restoration fields is still rare, and paleobiologists have found it challenging to integrate their data into the conservation toolkit (Willis & Birks 2006 , Flessa 2009 , Davies et al. 2014 . For instance, doubts about the completeness or accuracy of geohistorical data are common among scientists in other fields (NRC 2005 , Willis & Birks 2006 , Dietl & Flessa 2011 , and often stems from misunderstandings and lack of familiarity with geohistorical data (Dietl & Flessa 2011) .
With the goal of promoting the integration of geohistorical data into conservation and restoration, a survey was designed to assess what researchers and restoration professionals working with a declining but ecologically, economically, and culturally important group-oysters-know and do not know about geohistorical data, and how they could be used for restoration. The purpose of asking practitioners directly about the applications of geohistorical data to oyster restoration was to raise awareness of their availability, better understand how they might best contribute to restoration, and evaluate the potential for collaboration between oyster restoration practitioners and conservation paleobiologists.
Why Oysters?
The survey was designed for oyster researchers and restoration professionals because oysters form important estuarine habitats that also have significant economic and cultural value through the goods and services they offer human society, such as provision of food, habitat, and foraging ground for other economically important species, shoreline stabilization, and support of fisheries and the cultural heritage of coastal communities (e.g., Kurlansky 2006 , Grabowski & Peterson 2007 . Oyster reef habitats are also declining globally. Beck et al. (2011) used data from sources such as surveys, harvest records, and aerial photographs-some dating back 130 y-to determine that oyster reefs are at less than 10% of their historical abundance in 63% of ecoregions worldwide, and less than 1% of their historical abundance in 28% of ecoregions. Primary causes of this decline include pollution, disease, and overharvesting by humans (Beck et al. 2011) . Finally, oyster reefs produce geohistorical records that can yield useful information for their restoration and management. These records develop as death assemblages beneath the surface of the living oyster reef, growing as each new generation of oysters settles on the structure and as sediment and the shells of dead oysters accumulate over centuries (Hargis & Haven 1999) .
MATERIALS AND METHODS
To evaluate the knowledge of restoration professionals about geohistorical data and perspectives on their use in oyster restoration a web survey was hosted on the servers of the Paleontological Research Institution in Ithaca, NY, from June 20 to July 31, 2013 that was composed of 17 questions focused on professional background, perspectives on geohistorical data, and general demographic information (Appendix 1). The first category included questions about oyster species of interest, which states and countries respondentsÕ work affected, how many years of experience respondents had in the field, the publications respondents used for their work, the details of their specific work/research related to oyster restoration, and how respondents defined restoration success. The second category included questions about respondentsÕ use of baseline information-the ''reference conditions against which current changes can be assessed'' (Dietl & Flessa 2011, p. 30 )-and their opinions about geohistorical information. Respondents were asked to identify the baselines they used in their work according to recognized Chesapeake Bay cultural periods-prehuman, before 8000 BCE; hunter-gatherer, 8000 BCE to 1200 CE; agricultural, 1200 CE to 1600 CE; marketcolonial establishment, 1600 CE to 1700 CE; market-colonial development, 1700 CE to 1900 CE; global market 1, 1900 CE to 1950 CE; and/or global market 2, 1950 CE to present (Lotze et al. 2006) . Other questions in this section assessed respondentsÕ awareness of the universal metrics (UM), universal environmental variables (UEV), and restoration variables (RV) (NOAA FOHC 2013) that can be assessed in the past using geohistorical records, determined if and how they would use such data, and identified applications of geohistorical data to oyster restoration of which respondents were already aware. Finally, the questions in the third category asked respondents for information about their race, sex, education, job type, and workplace. A variety of question types were used, from multiple-choice to short, written responses. See Appendix 2 for detailed information on how the survey population was selected, the survey was administered, responses were categorized, and the data were analyzed. A table of the survey responses and categorizations can be downloaded at http://hdl.handle.net/ 1813/39030.
RESULTS

Demographics
During the survey period, 97 responses were received (out of 396 professionals contacted; 26% response rate) from researchers and restoration professionals in the United States. Respondents were 37% female and 60% male (n ¼ 36 and n ¼ 58, respectively; three respondents skipped the question) and most self-identified as white (92%, n ¼ 89). Asian and Hispanic respondents were each 2% (n ¼ 2) of the response population (one other and three nonresponses were 1% and 3%, respectively). A majority of respondents self-identify as researchers (56%, n ¼ 54) and/or fisheries/resource managers (27%, n ¼ 26) with 8% (n ¼ 8) working as policy developers and 27% (n ¼ 26) responding other (one respondent skipped the question; responses to this question were not mutually exclusive). Most work in academia (41%, n ¼ 40) and state or federal government agencies (41%, n ¼ 40), and 19% (n ¼ 18) work for non-governmental organizations. Others work in environmental consulting (3%, n ¼ 3), industry (2%, n ¼ 2), and other (2%, n ¼ 2; one respondent skipped the question; responses to this question were not mutually exclusive). Respondents overall were very well educated, with 75% holding graduate degrees (52%, n ¼ 50 doctorates and 23%, n ¼ 22 masterÕs degrees) and 23% (n ¼ 22) with bachelorÕs degrees.
Professional Background
Respondents worked predominantly with one or more of three oyster species: Crassostrea virginica (Gmelin, 1791; 90%, n ¼ 87), Ostrea lurida (Carpenter, 1864; 12%, n ¼ 12), and Crassostrea gigas (Thunberg, 1793; 5%, n ¼ 5). The respondentsÕ work affected 22 coastal states in four regions [ Fig. A1 ; 36%, n ¼ 35 Northeast; 45%, n ¼ 44 Southeast; 9%, n ¼ 9 Northwest and Southwest; and 9%, n ¼ 9 work affected multiple regions; see Appendix 2 for a description of response categorization; regions are based on the National Oceanic and Atmospheric Administration (NOAA) Damage Assessment, Remediation, and Restoration Program (DARRP); NOAA ORR 2013]. RespondentsÕ years of experience (binned into 5-y intervals) ranged from less than 5 y (14%, n ¼ 14) to more than 25 y (21%, n ¼ 20). The most common experience level among respondents was 5-10 y (25%, n ¼ 24). The majority of respondentsÕ work involved research (62%, n ¼ 60) and restoration (58%, n ¼ 56) with many fewer respondents involved in administration (7%, n ¼ 7), aquaculture (3%, n ¼ 3), and education (3%, n ¼ 3); responses to this question were not mutually exclusive; see Appendix 2 for a description of response categorization.
When asked to name at least three publications they read and publish in, 78% (n ¼ 286) of publications mentioned in responses were peer-reviewed books and journals and 22% (n ¼ 81) were non-peer-reviewed gray literature, such as technical reports and conference proceedings from government and nongovernmental organizations (see Appendix 2 for a description of response categorization). The most frequently mentioned source was the Journal of Shellfish Research (58%, n ¼ 56). When respondents were asked to define restoration success, responses varied in emphasis and detail, but the majority required structural criteria to be met (86%, n ¼ 83), meaning aspects of the physical organization of the habitat, such as oyster density and reef areal extent (Burrows et al. 2005) . Fewer responses mentioned goals related to functional aspects of oyster reef habitat (36%, n ¼ 35), the ecological processes and products the habitat supports and provides, such as water filtration and foraging and breeding grounds for associated fauna (Burrows et al. 2005) . Few respondents discussed success criteria involving ecosystem services (11%, n ¼ 11)-predominantly functional characteristics but with explicit mention of their benefits to human society-or stakeholder consensus (4%, n ¼ 4)-the ability of a restoration project to satisfy multiple interests ( Fig. 1 ; see Appendix 2 for a description of response categorization).
Perspectives on Geohistorical Data
When asked the ages of baselines that apply to their work, 15% (n ¼ 15) of respondents indicated that baselines do not apply to their work, and of those who did identify baseline ages, 53% (n ¼ 43) did not predate 1900 CE, and 90% (n ¼ 73) date to 1700 CE or younger. Only 4% (n ¼ 3) of respondents who use baselines use information that predates all human influence (>8000 y ago; Fig. 2) .
Overall, respondents indicated that geohistorical data have potential to inform oyster restoration projects: the majority of respondents said geohistorical data can be sometimes informative for oyster restoration (61%, n ¼ 59), and 36% (n ¼ 35) said they can be very informative for oyster restoration. No respondents thought that geohistorical data are not informative for oyster restoration, although 3% (n ¼ 3) were unsure (Fig. 3A) .
Most short-answer responses were exclusively positive about the use of geohistorical data in oyster restoration (55%, n ¼ 53) or expressed both positive and negative views on their utility (22%, n ¼ 21). Fewer replies solely discussed reasons that geohistorical data may not be useful in oyster restoration (18%, n ¼ 17; Fig. 3B ; two responses were neither positive nor negative, and four respondents did not answer the question). A majority of respondents recognized the potential of geohistorical data to improve baselines (76%, n ¼ 74) and understanding of the historical range of variation (HRV)-''the variation of ecological characteristics and processes over scales of time and space that are appropriate for a given management application'' (Wiens et al. 2012 , p. 5)-of oyster reef ecosystems (9%, n ¼ 9). Some respondents further discussed the applicability of geohistorical baselines to planning and managing restoration projects (37%, n ¼ 36), such as selecting appropriate sites and improving targets and success criteria, or to conducting basic research into the responses of oyster reefs to past environmental conditions and disturbances (9%, n ¼ 9) or anthropogenic and nonanthropogenic change (8%, n ¼ 8; Fig. 3C ). The majority of negative comments (n ¼ 38) expressed concern that the world has changed so significantly that geohistorical data are less relevant to current conservation and restoration (87%, n ¼ 33), and 16% (n ¼ 6) discussed reservations about the completeness and biased nature of geohistorical records ( Fig. 3C ; one respondent mentioned both criticisms; see Appendix 2 for a description of response categorization).
Most respondents were unaware of successful applications of geohistorical data to oyster restoration practice (64%, n ¼ 62), but 35% (n ¼ 34) of respondents said that they did know of successful case studies. Interestingly, of those responses that were sufficiently detailed (68%, n ¼ 23), only about half discussed data that were geohistorical (57%, n ¼ 13). Others discussed nongeohistorical data such as time-series data from monitoring live populations or historical records such as fisheries landings data or photographs (see Appendix 2 for a description of response categorization). Respectively, structure and function categories refer to oyster reef habitat characteristics that make up the physical organization of the habitat, such as oyster abundance and density and water currents, and the ecological processes and products the habitat supports and provides, such as water filtration and foraging and breeding grounds for associated fauna (sensu Burrows et al. 2005) . The ecosystem services category encompassed responses explicitly mentioning habitat characteristics benefitting human society. The stakeholder consensus category refers to responses that included incorporation of multiple interests as a success criterion for restoration.
Figure 2. Earliest baseline used by respondents from each DARRP region. Age bins are cultural periods for Chesapeake Bay, MD defined by Lotze et al. (2006) : prehuman, before 8000 BCE; hunter-gatherer, 8000 BCE to 1200 CE; agricultural, 1200 CE to 1600 CE; market-colonial establishment, 1600 CE to 1700 CE; market-colonial development, 1700 CE to 1900 CE; global market 1, 1900 CE to 1950 CE; and global market 2, 1950 CE to present. The line above the histogram emphasizes that various types of geohistorical records are capable of providing baseline information of almost any age.
Most respondents were aware that paleobiologists can measure universal oyster restoration metrics such as reef areal dimension (62%, n ¼ 60), oyster size-frequency distribution (58%, n ¼ 56), and oyster density (51%, n ¼ 49) using death assemblages and fossils. Many respondents also chose unsure (33%, n ¼ 32), however, and fewer chose other restoration variables and universal environmental variables such as predation and competition (29%, n ¼ 28), dissolved oxygen (20%, n ¼ 19), salinity (44%, n ¼ 43), and water temperature (41%, n ¼ 40; Fig. 4 ; NOAA FOHC 2013). Most respondents chose four to six metrics (59%, n ¼ 44) and 84% (n ¼ 63) selected six or fewer.
When asked how they would use geohistorical data on the NOAA metrics if they had them, most respondents indicated they would use the data to produce baseline information (73%, n ¼ 71) or investigate the HRV of various aspects of oyster reef ecosystems (5%, n ¼ 5). Many respondents would use baseline and/or HRV information to plan or manage restoration projects (41%, n ¼ 40) or to investigate the responses of oyster reefs to past environmental conditions and disturbances (10%, n ¼ 10) or to anthropogenic and nonanthropogenic change (3%, n ¼ 3; Fig. 5 ; see Appendix 2 for a description of response categorization). One respondent (1%) discussed using geohistorical data to retroactively evaluate the status of ''completed'' restoration projects.
DISCUSSION
The largely positive reactions to the use of geohistorical data in oyster restoration by professionals who vary in experience, expertise, and geographic location indicate willingness to use these data in the oyster restoration community. Further, qualitative comparisons of responses between DARRP regions show similar patterns for all questions (e.g., Figs. 1-4), except those with obvious regional differences, such as oyster species of interest, suggesting that geohistorical data could be integrated to benefit restoration in all oyster-producing regions of the United States. Finally, the responses indicate where collaborations might begin by highlighting information gaps that paleobiologists could potentially fill and demonstrating the knowledge within the oyster restoration community about geohistorical data and methods.
What Oyster Restoration Professionals Knew About Geohistorical Data
Despite the overall positive reactions to the potential of geohistorical data, the short-answer responses revealed a broader spectrum of views on their utility. Some responses expressed skepticism about the use of geohistorical data, for instance: ''.IÕm not sure how geohistorical data on these [NOAA metrics] would affect a present-day project, except as interesting history.'' Others were enthusiastic: ''[Geohistorical data] are extremely important. Although most coastal systems are far from their ÔpristineÕ states, much can be gained by understanding the physical and chemical changes in an area through time, and relating those to population dynamics of a species.'' Responses like these illustrate the familiarity of respondents with geohistorical data and concepts, and if/how respondents would apply them in their own work. For instance, the majority of respondents (76%, Fig. 3C ) valued the baseline information accessible from geohistorical records, but only 68% (n ¼ 50) of respondents that mentioned baselines also discussed an application for them, possibly indicating uncertainty about what exactly to do with geohistorical data.
The responses that discussed using geohistorical data to reconstruct the HRV of oyster reef ecosystem attributes indicated a more sophisticated understanding of geohistorical applications relative to those who only mentioned baseline concepts, because those respondents necessarily thought beyond the use of geohistorical data for describing environments at single points in the past. In fact, the HRV itself is a target in management and restoration of certain systems, such as forests, floodplains, and rivers (Wiens et al. 2012) . Geohistorical data could help oyster restoration professionals develop similar HRV-based restoration and monitoring criteria for the dynamic estuarine habitats of oysters.
What Oyster Restoration Professionals Did Not Know About Geohistorical Data
Some responses also suggested that geohistorical data are generally not well understood by many oyster restoration professionals. For instance, geohistorical data were misidentified in several descriptions of applied studies (10 out of 23 respondents that gave sufficiently detailed answers discussed uses of historical accounts or survey records although the term geohistorical record was defined on the survey page). Furthermore, more NOAA metrics are often measurable from geohistorical records than the four to six selected by most respondents. Many universal metrics can either be measured from preserved shells, such as size, or inferred from them, such as degree of clustering and general growing environment on reefs (Kent 1992) . Proxies also can be used to determine universal environmental variables in the past, such as temperature (e.g., Sch€ one et al. 2004) , and restoration variables, such as predation (Alexander & Dietl 2003 , Walker 2007 .
Further, the most common criticism of the utility of geohistorical data for restoration-that the world has changed permanently, so information from the past is of limited utility for restoration-takes for granted the extent to which the current knowledge of the degraded state of most oyster habitats depends on studies of the history of these systems. For instance, studies have demonstrated historical degradation in terms of structural characteristics such as abundance and body size (e.g., Kirby & Miller 2005 , Beck et al. 2011 and functional characteristics such as water filtration (e.g., zu Ermgassen et al. 2013) . Historical and geohistorical studies can also identify the long-term causes of change and their relative importance (Jackson et al. 2001 , Kirby & Miller 2005 . Thus, geohistorical data can provide critical information for identifying and managing the causes and biotic consequences of environmental change.
A second criticism, that geohistorical records are biased and incomplete, is a common reason for distrusting geohistorical data (NRC 2005 , Jackson & Hobbs 2009 , Dietl & Flessa 2011 , Davies et al. 2014 . It is true that geohistorical records do not exist for every habitat type in all time periods, and they tend to be biased in both content-for instance organisms with mineralized hard parts such as vertebrates and mollusks are generally betterrepresented than soft-bodied taxa-and distribution in space and time, due to unevenness in the preservation of sedimentary environments and sampling effort by paleobiologists (NRC 2005) . Even relatively sparse records can be informative, however, if they are well situated geographically and temporally to answer specific questions (NRC 2005 , Dietl & Flessa 2011 . Sometimes, certain types of bias can even be advantageous. For instance, time averaging of geohistorical records-the accumulation of bones, shells, and other material of different ages into the same sediment layer over time by biotic and abiotic burial and mixing processes, such as bioturbation and waves-can ''smooth out'' much of the variability characteristic of many short-term observational or experimental ''snapshots'' that can obscure long-term trends (NRC 2005) . Finally, the variety of dating techniques available and their continuously improving accuracy and precision have correspondingly improved the ability of conservation paleobiologists to detect and account for biases, such as time averaging, and to constrain the ages of fossil material (NRC 2005) .
How Conservation Paleobiology Can Help
Although baseline information extending back a few centuries could be useful, survey responses indicated that precolonial baseline information is rarely used in oyster restoration (Fig. 2) . Most written accounts and other historical records in the United States are no more than two or three centuries old, but conservation paleobiologists are capable of providing additional local geohistorical baseline information for restoration practitioners on centennial to millennial timescales. Increasing the available information for baseline development may also help restoration professionals justify project success criteria. For instance, many respondents noted that a ''successfully'' restored reef should be similar to nearby natural reefs. Using natural living reefs to define restoration targets, however, leaves projects susceptible to the shifting baseline syndrome (Pauly 1995) -the masking of long-term environmental degradation by the tendency of each generation to consider the world they inhabit as ''natural''. Given the pervasive influences of stressors such as eutrophication and coastal development on estuaries over decadal to centennial timescales, natural reefs surviving in an area may still be degraded relative to those that lived before the restoration. Evaluation of geohistorical records produced on matching time scales (decades or centuries), such as the death assemblages beneath natural oyster reefs, can offer insights into recent changes in reef structure and function to avoid shifting baselines and help restoration professionals either justify restoration targets based on living populations or indicate when such criteria are insufficient.
By improving baselines, documenting HRV in ecosystem attributes, and informing predictions of species, community, and ecosystem responses to change, geohistorical data can help restoration professionals adopt realistic success criteria. For instance, respondents overwhelmingly reported using structural criteria such as oyster density, reef height and areal extent, and oyster size frequency distributions to evaluate project outcomes, and both baseline values and HRV can be measured for these metrics using geohistorical records such as fossil reefs (e.g., reef area, Carbotte et al. 2004 ). Other success criteria, including functional characteristics and the values of related ecosystem services, can often be estimated geohistorically using proxies or the death assemblages themselves (e.g., filtration rate; zu Ermgassen et al. 2013) . Geohistorical data may also help build stakeholder consensus for restoration criteria by informing narratives of degradation and shifting baselines to clarify the ecological and environmental changes that must be addressed by the restoration. Finally, although many restored reefs may be too young to have produced a geohistorical record and some techniques, such as planting loose cultch, could make it difficult to identify shells produced by restored reefs, comparing restoration metrics between restored reefs and nearby natural death assemblages could help evaluate whether the restoration achieved its goals. This application was mentioned by only one respondent, but given that monitoring has often been neglected in oyster restoration projects-for instance, only 43% of restoration datasets collected between 1990 and 2007 from over 1000 Chesapeake Bay oyster bars included both restoration and monitoring (Kennedy et al. 2011 )-retroactive evaluation of restored reefs to help compensate for the scarcity of adequate monitoring and assessment is a use for geohistorical data that deserves further attention.
When It Works: A Restoration Case Study Involving Geohistorical Data
As the survey results suggest, and others have learned from experience (Willis & Birks 2006 , Flessa 2009 , Davies et al. 2014 , integrating geohistorical data into conservation and restoration practice is challenging. The few case studies that exist, however, demonstrate that geohistorical data can provide useful information for the planning and implementation of restoration projects. Oysters are important indicators of past and present water quality in southwest Florida, so ''understanding the historical, pre-modification distribution of oyster buildups is a critical baseline from which to guide Everglades freshwater flow restoration'' (Volety et al. 2009, p. 11) .
Using 26 cores from the Ten Thousand Islands (TTI) and the Everglades Estuarine Tract (EET), Volety et al. (2009) compared the stratigraphy of these two regions, and based on lithology and faunal assemblages, including fossil oyster reefs, they determined that the TTI and EET experienced very different geological histories. These geohistorical data allowed Volety et al. (2009) to understand past hydrological conditions before widespread freshwater channelization and flood control, and are helping to facilitate a coordinated restoration of freshwater flow and oyster populations in the TTI and EET.
This case study is noteworthy because of the influence geohistorical data have had on restoration practices within the Comprehensive Everglades Restoration Plan. Similar benefits are likely possible for most restoration projects that consider geohistorical data, but making their use in conservation and restoration more common will depend on closer collaboration among conservation paleobiologists and restoration professionals so that integration challenges can be addressed and geohistorical data can begin contributing directly to restoration practices (Willis et al. 2007 , Flessa 2009 ).
Evidence of Shifting Paradigms
Responses to the survey may reflect some shifting paradigms in oyster restoration and the restoration field in general. For instance, ''restoration to deliver ecosystem services'' is an emerging paradigm in ecological restoration (Suding 2011 ) that has influenced oyster restoration. Historically, oyster restoration maintained one ecosystem service-the fishery. In the past two decades, however, appreciation for the ecological importance of oysters and the variety of ecosystem services they provide has increased (Coen & Luckenbach 2000 , Grabowski & Peterson 2007 ). This priority shift may be reflected in the survey results by the small number of respondents that explicitly mentioned the ability of a restored reef to support harvest as a success criterion (4%, n ¼ 4) relative to those that mentioned functional habitat characteristics (36%, n ¼ 35) and ecosystem services other than harvest (9%, n ¼ 9).
Interestingly, only three responses were indicative of another emerging paradigm in ecological restoration: ''restoration to ensure resilience'' (Suding 2011) . One respondent wrote that ''a restored population is one that exhibits resistance and resilience to disturbance.'' Another said, ''restoration is going to depend on the ability of species to. adapt to not only current conditions, but ever changing conditions.'' Resilience-the amount of disturbance a system can accommodate before exhibiting changes in fundamental characteristics, such as structure and function (Walker et al. 2004 )-has the potential to make restoration sustainable through disturbances (Suding 2011) , making it an important goal for coastal restoration, including oyster restoration, in the face of climate change (Bernhardt & Leslie 2013) . Similarly, the capacity of species to evolve and adapt to disturbance is becoming an important focus of restoration, both because of its influence on resilience (e.g., Sgr o et al. 2011 ) and an increasing recognition that contemporary evolution often happens on short enough timescales to affect restoration outcomes (Ashley et al. 2003) .
Whereas successful oyster restoration used to mean increasing harvest yields for the fishing industry, the broader ecological processes and services that characterize the newer restoration paradigms are more difficult to quantify and operationalize (Coen & Luckenbach 2000 , Suding 2011 , Bernhardt & Leslie 2013 . Geohistorical data can offer insights into both resilience (Willis et al. 2010 , CPW 2012 , Dietl et al. 2015 ) and evolutionary adaptation (Willis & MacDonald 2011 , Dietl 2013 ) to disturbances, which are increasingly important goals for ecological restoration in the face of growing anthropogenic pressures, such as climate change.
CONCLUSIONS
This survey approach obtained valuable information about how collaboration between conservation paleobiologists and oyster restoration professionals can progress. In particular, the positive responses about the utility of geohistorical data suggested that collaborations would be productive, and responses that detailed restoration professionalsÕ reservations surrounding geohistorical data will help focus future education and outreach.
Collaboration between paleobiologists and restoration professionals must be the first step in overcoming the knowledge gaps and misunderstandings apparent from the survey responses (Willis et al. 2007 , Flessa 2009 ). Crossing disciplinary boundaries will take time and patience, but the potential rewards are great. Geohistorical data can improve baselines for many structural and functional oyster ecosystem attributes and be used to reconstruct their HRV, which can in turn be applied to: (1) examine responses of oysters to environmental changes in the past and thus improve understanding of how oysters may respond to similar environmental changes in the future; (2) investigate oyster responses to anthropogenic disturbance, including both ecological and evolutionary responses; (3) develop more detailed information on the local history of oyster populations to inform decisions about restoration project designs and goals; and (4) evaluate ''completed'' restoration projects relative to their stated objectives and retroactively compare between restoration projects, even in the absence of sufficient monitoring.
ACKNOWLEDGMENTS
We thank M. Hare and W. Allmon for their helpful comments on drafts of the manuscript. We also thank B. Gollands for help with technical aspects of hosting the survey on the Paleontological Research Institution server, and M. Aldridge for help navigating the Cornell University Institutional Review Board process. Finally, we also thank T. Butler, K. Durham, T. Durham, L. Eierman, D. Friend, C. Rose, J. Smith, and J. Spector, whose survey testing and comments improved the final version. This study is based on (pe) work supported by a National Science Foundation Graduate Research Fellowship to S. Durham (NSF DGE 1144153).
The following are the survey questions used to assess restoration professionalsÕ perspectives on geohistorical data and their use in oyster restoration. The questions and answer choices are listed in the order in which they appeared on the web survey, and are split into three categories: research background, perspectives on geohistorical data, and demographic information. Please enter an E-mail address at which you can be reached if you would like to receive the results of this survey. E-mail addresses provided here will not be distributed.
APPENDIX 2: DETAILED SURVEY METHODS
Population Selection and Survey Methods
The population of 396 oyster biologists and restoration professionals was collected using: the literature; the member list of the Oyster Restoration Workgroup, a web-based community of researchers and restoration professionals working to ''address questions related to shellfish restoration success'' (www.oyster-restoration.org); online searches of state and federal government agencies (e.g., NOAA), academic institutions, and nongovernmental organizations (e.g., The Nature Conservancy); and recommendations from personal contacts with professionals via E-mail. The population included professionals working in 22 coastal states in the United States and a total of 14 countries; however, only nine respondents work internationally, so for the purposes of this paper, analysis was restricted to respondents working in the United States (Fig. A1) .
The password-protected survey was hosted on the servers of the Paleontological Research Institution in Ithaca, NY from June 20 to July 31, 2013. The link to the survey was embedded in a website that contained background information on conservation paleobiology and this project, and definitions of important terms, such as baselines and geohistorical records. During the survey period, three reminder E-mails were sent and 97 responses were received from workers in the United States. The last question asked respondents to provide an E-mail address if they wanted to receive the survey results directly. Responses were otherwise anonymous and all E-mail addresses provided with survey responses were stored in a separate file on an external hard drive. This file was deleted after the results were distributed.
Geographical Categorization and Data Analysis
Respondents were categorized using the DARRP regions (NOAA ORR 2013) because oyster species and ecology differ geographically, potentially influencing the restoration and conservation practices used in any particular location, and many restoration professionals work in multiple states (Fig.  A1) . The DAARP regions used were the following: (1) the northeast region, which encompasses East Coast states from Maine to Virginia; (2) the southeast region, which includes the East Coast and Gulf Coast states from North Carolina to Texas; and (3) the northwest and southwest regions, which together include all of the contiguous West Coast states, as well as Alaska and Hawaii. Responses from individuals whose work affects the northwest and southwest DARRP regions were combined because no respondents work only in the southwest region.
Response Categorization Criteria for Short Answer Questions d Question 5 (sources): Respondents mentioned a wide variety of sources that they read and in which they publish. Responses ranged in specificity from individual journal articles to entire organizations; therefore all responses were categorized as either peer-reviewed literature, including books and journals, such as the Journal of Shellfish Research and Marine Ecology Progress Series, or non-peerreviewed gray literature, such as conference proceedings and technical reports. Two of the most general responses, the World Aquaculture Society and the National Shellfisheries Association, were grouped into both categories because they are organizations that publish both peer-reviewed journals and host conferences or contribute in other ways to the nonpeer-reviewed gray literature. d Question 6 (job description): RespondentsÕ descriptions of their own jobs as they relate to oyster restoration were grouped into five categories: administration, aquaculture, education, research, and restoration. These categories were not mutually exclusive. Responses grouped into the administration category described the respondentsÕ roles in oyster restoration as primarily supporting or managerial, e. g., coordination of training programs or regulation implementation. Responses falling into the aquaculture category mentioned involvement in activities specifically related to controlled rearing of oysters as distinct from restoration of wild populations. To be grouped into the education category respondents must have been involved in outreach or training related to oyster research and restoration. Respondents whose work was considered in the research category needed to be involved in answering research questions related to oyster biology, restoration techniques, etc. This category was distinct from the restoration category, which required that respondents discuss direct involvement in restoration practice (e.g., seeding and cultch planting operations or design, planning, and monitoring of restoration projects), although many responses qualified for both the research and restoration categories (27%, n ¼ 26). d Question 7 (restoration success): Responses to Question 7
were categorized according to the groupings of oyster reef habitat characteristics outlined in Burrows et al. (2005) . Other more recent restoration guides (e.g., Brumbaugh et al. 2006 , Baggett et al. 2014 ) have updated information on oyster restoration methods and monitoring criteria, but Burrows et al. (2005) usefully divided reef habitat characteristics into two broad categories: structural characteristics (i.e., those aspects of a habitat that determine its physical organization), and functional characteristics, the ecological processes and products the habitat supports and provides, such as water filtration and foraging and breeding grounds for associated fauna. To these categories, stakeholder consensus and ecosystem services were added. These two additional categories were necessary because they are not encompassed in Burrows et al. (2005) , which focused on the oyster reef habitat itself. Responses that fell into the stakeholder consensus category were those that discussed the importance of meeting the needs of multiple interest groups as a success metric. Ecosystem services, ''the aspects of ecosystems utilized (actively or passively) to produce human well-being'' (Fisher et al. 2009, p. 645) , are distinct from functional characteristics of oyster reefs in that they are explicitly anthropocentric, thus although a respondent could have mentioned ''water filtration'' as a goal of their oyster restoration projects, unless they linked this goal to improving water quality for human benefit, this response was considered a ''functional'' criteria for restoration success and not an ''ecosystem services'' criteria. This distinction is not clear in Burrows et al. (2005) , which defines functional characteristics of oyster habitat as ''the ecological services a habitat provides'' (p. 1.5). This difference was emphasized because many respondents discussed ecosystem function in their responses without mentioning a benefit for human society. The structural and functional categories outlined by Burrows et al. (2005) sponses to Question 9b that discussed why geohistorical data are useful mostly focused on basic applications of geohistorical data to the production of baselines or quantifications of the HRV of aspects of oyster reef ecosystems. Some responses also included specific applications of the baseline and/or HRV to investigate research questions related to anthropogenic changes or responses of oysters to natural disturbances such as climate change, or to applications of geohistorical data to planning or evaluating restoration projects. Thus, the positive responses fit into a spectrum from basic descriptive uses (e.g., what was it like in the past?) to applied uses in research and restoration. A two-level categorization was used for the general (baseline, HRV) and more specific (research and restoration applications) aspects of these responses because the baseline and HRV concepts are so fundamental to the use of geohistorical data (Dietl & Flessa 2011 ) that even specific uses for research or restoration must necessarily accept and use these concepts even if they were not explicitly mentioned in a given response.
The four general categories of responses were: baselines, HRV, other, and unsure. Most respondents were familiar with the baseline concept-the ''reference conditions against which current changes can be assessed'' (Dietl & Flessa 2011, p. 30) . Any response that discussed using geohistorical data to reconstruct oyster reef attributes in the past qualified for this category. For a response to be grouped into the HRV category, it needed to mention using geohistorical data to reconstruct temporal variability of one or more oyster reef characteristics and/or environmental variables. Historical range of variation was defined following Wiens et al. (2012, p. 5) : ''the variation of ecological characteristics and processes over scales of time and space that are appropriate for a given management application''. Responses categorized as other failed to answer the question, and no respondents replied that they were simply unsure.
Responses that went beyond the basic descriptive baseline and/or HRV concepts fell into one of four more specific categories: study the natural experiments of the past, research anthropogenic and nonanthropogenic change, plan/manage restoration or aquaculture projects, and evaluate restoration projects. Responses in these categories discussed applying geohistorical data to specific research questions and/or restoration practice. Responses that described examining the responses of oysters or oyster reef ecosystems to past changes in environmental variables, such as climate change, were grouped into the study the natural experiments of the past category. Responses of species or ecosystems to natural environmental change in the past or over long timescales are often termed ''natural experiments'' because if the conditions are well understood, these intervals can yield information of similar quality to controlled experiments about processes that are impractical to study in a controlled laboratory or field environment (Willis & Birks 2006 , Dietl & Flessa 2011 . Any response that discussed researching anthropogenic impacts or distinguishing anthropogenic from natural influences on oyster reefs was grouped into the research anthropogenic and nonanthropogenic change category. Responses that involved using geohistorical data in the planning (e.g., site selection, goal development), managing, or monitoring phases of restoration projects fell into the plan/manage restoration or aquaculture projects category. Finally, the evaluate restoration projects category included responses that discussed using geohistorical data to study and evaluate ''completed'' restoration projects.
Responses that discussed why geohistorical data are not useful were grouped into two categories-the world has changed, so past conditions are less relevant, and geohistorical records are biased and incomplete. The first includes all responses that expressed doubt about the relevance of geohistorical data to oyster restoration because the world has changed dramatically in a very short period of time and humans have irrevocably altered much oyster reef habitat. The second category encompassed the responses that criticized the completeness and/or the biased nature of geohistorical records.
None of the positive or negative response categories were mutually exclusive, and responses frequently fell into multiple positive and/or negative categories. d Question 10b (describe geohistorical success story): Responses to Question 10b were categorized based on the type of data described in the successful case studies being discussed. Many respondents who indicated they knew of successful applications of geohistorical data did not give sufficient detail of the case study to verify that they did, in fact, involve geohistorical data. Several responses that did give sufficient details about the case study being discussed revealed that they were not case studies involving geohistorical data. Thus, responses fell into three nonmutually exclusive categories: no details, non-geohistorical data, and geohistorical data depending on the detail level of the response and its content. Any response that mentioned the use of geohistorical data was grouped into the geohistorical data category, and those that discussed other types of data were grouped into the nongeohistorical data category. Responses that mentioned both geohistorical and nongeohistorical data were grouped into both categories. Geohistorical records were defined in the survey as ''the sediment and fossil or death assemblages that provide temporal, environmental, and ecological information.'' This definition was based on the one from Dietl & Flessa (2011, p. 30) . d Question 11b (how would you use geohistorical data?): Responses to Question 11b were categorized using the same process that was used for Question 9b.
